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RESUMEN
Composición de ácidos grasos de dieciocho varieda-
des de aceituna mediterráneas cultivadas en las condi-
ciones áridas de Boughrara (zona meridional de Túnez).
En este estudio, dieciocho variedades de aceituna pro-
cedentes de España, de Francia, de Italia, de Grecia y de Ar-
gelia, cultivadas en la estación experimental del olivo de
Boughrara (región árida de Túnez), fueron evaluadas para el
rendimiento en aceite y la composición de ácidos grasos. El
análisis de la varianza mostró diferencias significativas entre
todas las variedades (p  0.01). El análisis de “clusters” je-
rárquico clasificó las variedades en tres grandes grupos. El
primer grupo incluía un subgrupo compuesto por siete varie-
dades de aceituna Changlot Real, Koroneiki, Verdial de Vé-
lez-Málaga, Coratina, Lechín de Granada, Cornezuelo y
Leccino, que se caracterizan por su alto rendimiento en acei-
te, alto contenido en oleico y bajo contenido en ácidos pal-
mítico y linoleico. Las composiciones de ácidos grasos de
aceites provenientes de estas variedades se conforman con
estándares internacionales y son mejores si las compara-
mos con la de Chemlali (el cultivo más abundante en Tú-
nez). Finalmente, los ácidos grasos mayoritarios (palmítico
(C16:0), oleico (C18:1) y linoleico (C18:2)) de nueve de los
aceites de oliva virgen estudiados fueron comparados con
los de las mismas variedades cultivadas en sus áreas origi-
narias. A excepción de los aceites Koroneiki y Olivière que
mostraron una composición de ácidos grasos inalterable y
del aceite Cornezuelo en el que se observó un aumento del
nivel de ácido oleico y un descenso del nivel de ácido lino-
leico, la mayoría de los aceites mostró disminución de ácido
oleico y aumento de los porcentajes de ácido palmítico y li-
noleico, comparándolos con los obtenidos de las aceitunas
cultivadas en su lugares de origen.
PALABRAS CLAVE: Aceite de oliva – Composición de
ácidos grasos – Variedades mediterráneas.
SUMMARY
Oil fatty acid composition of eighteen Mediterranean
olive varieties cultivated under the arid conditions of
Boughrara (southern Tunisia).
In this study, eighteen olive varieties, originating from
Spain, France, Italy, Greece and Algeria, and maintained at
the olive experimental station of Boughrara (arid region of
Tunisia) were evaluated for their oil yield and fatty acid com-
position. The analysis of variance revealed significant diffe-
rences among varieties for all traits (p  0.01). The Hierar-
chical Cluster Analysis (HCA) classified the varieties into
three main groups. The first group included a subgroup
which is composed of seven olive varieties (Cornezuelo, Ver-
dial de Vélez-Málaga, Leccino, Coratina, Koroneiki, Lechín
de Granada and Changlot Real) characterized by high oil
yield with high oleic, low palmitic and linoleic acid contents.
The fatty acid compositions of the oils from these varieties
comply with international standards and show more benefi-
cial characteristics than the oil obtained from  Chemlali: the
most abundant olive cultivar in Tunisia. Finally, the main fatty
acids (palmitic (C16:0), oleic (C18:1) and linoleic (C18:2)) of
nine of the studied virgin olive oils were compared to those
sampled from their traditional areas. Except for Koroneiki
and Olivière oils which showed an unchanged fatty acid
composition and for Cornezuelo oil in which the level of oleic
acid raised and the level of linoleic acid decreased, most of
oils showed a decrease  in oleic acid rates and an increase
in palmitic and linoleic acid percentages as compared to tho-
se from their original sites.
KEY-WORDS: Fatty acid composition – Mediterranean
varieties – Olive oil.
1. INTRODUCTION
Virgin olive oil represents one of the major high-
quality agricultural products in Tunisia. Besides 
the generally acknowledged good flavor and
organoleptic excellence of virgin olive oil, it also has
highly appreciated nutritional characteristics thanks
to its balanced fatty acid composition (Ryan et al.,
1998; Sánchez Casas et al., 1999; Salvador et al.,
2001). A healthy diet must contain a limited amount
of saturated fatty acids to reduce the total
cholesterol content and a high amount of
monounsaturated fatty acids which prevent the risk
of cardiovascular diseases, reduce the insulin
body-requirement and decrease the plasma
concentration of glucose (D’Imperio et al., 2007).
Moreover, the relationship between the intake 
of olive oil, the richest dietary source of
monounsaturated fatty acid and breast cancer risk
and progression is a current issue of discussion
(Servili et al., 2004). It is well established by many
authors that the fatty acid composition of olive oil is
strongly influenced by cultivar (Tsimidou et al.,
1993; Zarrouk et al., 2008), the maturation stage of
fruit (Synouri et al., 1995) and the zone of origin
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characterized by certain pedoclimatic factors as
well as other minor area parameters (Ranalli et al.,
1997). Nevertheless, a varietal parameter seems to
be the most important and determining factor. The
punctual description of a specific cultivar on the
basis of its fatty acid content is important since fatty
acid content is one of the quality parameters of
olive oil.
In Tunisia, there are two main olive cultivars:
Chemlali and Chétoui. The Chemlali cultivar
contributes to 80% of the national oil production. It
is a productive variety, well adapted to our severe
environmental conditions and leads to the
production of an olive oil fatty acid composition
characterized by high levels of palmitic and linoleic
acids and sometimes low levels of oleic acid. A
major effort has been made recently to improve the
quality of the olive oil produced in Tunisia. Thus, the
aim of increasing the quality standards for virgin
olive oil is continuously stimulating the search for
cultivars which have better oil quality. The use of
different cultivars from other countries could be
interesting based on their agronomical as well as
their oil composition. However, before using new
cultivars, their behavior under Tunisian pedo-
climatic conditions must be evaluated. In order to
find out which variety is the best for growing in
extreme climatic conditions, the lipid substrate
composition of olive oils obtained from some
Mediterranean varieties grown in the olive
experimental field of Boughrara (Sfax) in Tunisia
have been checked. Furthermore, we examined the
influence of variety and environmental conditions
on the fatty acid composition of virgin olive oils from
the involved varieties.
2. MATERIALS AND METHODS
2.1. Plant material and growing area 
The study is carried out on eighteen foreign
varieties of olive-trees (Table 1) grown at the
Experimental Station of Boughrara, Sfax (35° 00'N;
10° 33'E; 128 m asl; approx. 220 mm rain year-1;
mean day/night temperature 15°-29°C) with an arid
climate and slightly alkaline soil [pH approx. 7.5]
(Gargouri and Mhiri, 2002). The sandy soils of
Boughrara are highly permeable (15-20 cm h-1) and
have a low water-retention capacity [5-6% (w/w) of
dry soil] (Gargouri and Mhiri, 2002), making them
suitable for olive trees grown in arid zones
(Loussert and Brousse, 1978). The olive trees were
never submitted to agronomical treatment.
2.2. Olive processing
Three representative samples from each variety
were handpicked at the same stage of maturity,
when the fruit skin was light-violet in color.
Ripeness index (RI) was determined according to
the method developed by the Agronomic Station of
Jaèn, Spain, which defines RI as a function of skin
and pulp color (Uceda and Hermoso, 1998). Olives
were processed in a laboratory olive-mill (MC2;
Ingenieriay Sistemas, Seville, Spain) consisting of a
hummer crusher, a mixer, and a basket centrifuge.
The olive past was mixed for 30 min at room
temperature, centrifuged (without the addition of
water), then transferred io dark glass bottles and
kept at 4°C prior to analysis. Three replicates were
carried out in each analytical determination.
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Table 1
Variety name, original country, use and average fruit fresh weight 
of analyzed olives
Olive varieties Original site Use Fruit fresh weight (g)*
Changlot Real Spain Oil 2.37  0.05
Olivière France Oil 3.90  0.07
Koroneiki Greece Oil 1.02  0.02
Verdial de Vélez-Málaga Spain Oil 3.86  0.05
Cayon France Oil 1.90  0.22
Coratina Italy Oil 2.45  0.07
Lechín de Granada Spain Oil 1.77  0.08
Cornezuelo Spain Oil & Table 2.42  0.04
Sigoise Algeria Oil & Table 3.96  0.06
Leccino Italy Oil 2.44  0.06
Madural Portugal Oil & Table 3.31  0.07
Arbequina Spain Oil 1.67  0.09
Agouromanakolia Greece Oil 2.80  0.20
Lucques France Table 4.20  0.19
Grossane France Oil & Table 3.69  0.07
Picholine France Oil & Table 3.64  0.18
Lechín de Sevilla Spain Oil 3.47  0.16
Verdale de l'Hérault France Oil & Table 5.32  0.20
Chemlali Tunisia Oil 0.98  0.15
*Average of three determinations.
2.3. Oil content
For the determination of oil content, 40g of olive
samples were dried in an oven at 80°C to constant
weight. The dry olives were extracted with petroleum
ether using a Soxhlet apparatus. The results were
expressed as percentage of dry matter (DM).
2.4. Oil analysis 
The fatty acid composition of the oils was
determined by gas chromatography (GC) as fatty
acid methyl esters (FAMEs). FAMEs were prepared
by saponification/methylation with sodium
methylate according to European Regulations
(EEC 2568/91). A chromatographic analysis was
performed in a Hewlett-Packard model 4890D gas
chromatograph equipped with a 30m x 0.25 mm x
0.25µm film thickness fused Silica capillary column
(Innowax) coupled to a flame ionization detector
(column temperature 210°C). Both the injector and
the detector were maintained at 230 and 250°C,
respectively. Nitrogen was used as the carrier gas
at 1ml/min with Split injector system (Split ratio
1:100). Fatty acids were identified by comparing
their retention times with those of standard
compounds.
2.5. Statistical analysis 
Results are shown as the mean values and
standard deviations of independent measurements.
A cluster analysis was conducted on the Euclidean
distance matrix based on the normalized data of
virgin olive oil samples using the Ward method. The
statistical analysis was performed using the
XLSTAT software, Version 2008.1.02 (Addinsoft)
and the SPSS 13.0 for windows (SPSS Inc., 2004).
3. RESULTS AND DISCUSSION
The fatty acid composition has previously been
used by a number of authors as a parameter for oil
classification (Bouskou, 1996; Ranalli et al., 1997;
Motilva et al., 2001). Fatty acid evaluation was
performed on the olive oils following the usual
product analyses. GC applied to the olive oil
samples allowed for the identification of the
following fatty acids: palmitic (C16:0), palmitoleic
(C16:1), stearic (C18:0), oleic (C18:1), linoleic
(C18:2), linolenic (C18:3) and arachidic (C20:0)
acids. Their relative percentages and the
corresponding ratios in addition to the agronomic
parameters such as average fruit fresh weight and
oil yield on dry weight basis were evaluated in this
study. The analysis of variance, estimated by the
coefficient of variation, revealed significant
differences among cultivars for all traits (P<0.01)
(Table 2). Oleic acid/linoleic acid (C18:1/C18:2) and
Monounsaturated fatty acids/polyunsaturated fatty
acids (MUFAs/PUFAs) ratios, C18:2 and C16:1
percentages and the average fruit fresh weight
showed wide variation, while fruit oil content on dry
weight basis, C18:1, C16:0 and unsaturated fatty
acid (UFAs) percentages showed a narrower range
of variation.
The average fruit fresh weight is a crucial
agronomic parameter for a preliminary selection of
variety for table olives, oil destination or even both
uses. A great variability in the means of the average
fruit fresh weight was observed among the studied
olive varieties (Table 1) it ranged from a minimum of
1.02 (Koroneiki) to 5.32g (Verdale de l'Hérault). Oil
content does not constitute a criterion of oil quality
determination but especially a criterion to be
envisaged during the varietal selection. As oil content
is influenced by olive flesh humidity at the time of
olive harvest (Sánchez Casas et al., 1999), this
parameter was expressed as percent of dry matter
(Figure 1). The oil content for all the olives studied
varied significantly among cultivars. So, Grossane
fruit had the lowest oil content (38.6%), while Verdale
de l’Hérault fruit recorded the highest content (59%),
the other cultivars presented intermediate values.
According to the classification of Tous and Romero
(1993), Changlot Real, Koroneiki, Verdial de Vélez-
Málaga, Coratina, Lechín de Granada, Cornezuelo,
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Table 2
Descriptive statistical analysis of the variables from the studied olive varieties 
Minimum Maximum Mean* SD CV (%)
C16:0 (%) 11.210 20.740 14.698 2.569 17.480
C16:1(%) 0.670 2.910 1.663 0.680 40.889
C18:0 (%) 1.680 4.330 2.642 0.709 26.841
C18:1 (%) 47.190 78.010 66.141 7.973 12.055
C18:2 (%) 3.590 27.560 12.828 6.194 48.283
C18:3 (%) 0.690 1.480 1.023 0.232 22.682
C20:0 (%) 0.000 0.830 0.474 0.155 32.623
C18:1/ C18:2 ratio 1.712 21.730 7.194 4.921 68.402
UFAs (%) 75.520 86.280 81.655 2.514 3.079
MUFAs/ PUFAs 1.727 17.654 6.472 3.973 61.395
Average fruit fresh weight (g) 0.930 5.400 2.905 1.129 38.866
Oil content (fruit dry wt basis) (%) 37.200 63.480 48.146 6.229 12.937
*Mean of three replicates
Figure 1
Oil yield of the studied olive varieties compared to that of Chemlali.
Sigoise, Arbequina, Leccino, Agouromanakolia,
Picholine, Lechín de Sevilla and Verdale de l’Hérault
could be considered as high oil yielding cultivars (oil
content  46%) while Olivière, Cayon, Madural,
Lucques and Grossane could be considered as
medium oil yielding cultivars (oil content varied
between 38.6 and 44%).
As can be seen in Table 3, the fatty acid
composition of the studied oils is variable depending
on the genotype variety. Monounsaturated fatty acids
have great importance because of their nutritional
implication and effect on the oxidative stability of oils.
Oleic acid is the main monounsaturated fatty acid
and is present in a wide range of concentrations
(47.23–77.5%). C16:1 content varied between 0.70
and 2.89% according to varieties. The level of C16:0,
the major saturated fatty acid in olive oil, ranged from
11.22 (Sigoise) to 19.24% for Grossane. The content
of stearic acid, another important saturated acid, is
within the range of 1.7- 4.3 % for Arbequina and
Verdial de Vélez-Málaga oils (Table 3). For the
arachidic acid, all the studied varieties showed
values lower than the limit of 0.6% established for the
extra virgin olive oil except for the Verdial de Vélez-
Málaga variety. Polyunsaturated fatty acids are very
important for human nutrition. With respect to the
linoleic acid, which is negatively correlated to the
stability of virgin olive oil as it is much more
susceptible to oxidation than monounsaturated fatty
acids, the highest percentage was observed in
Verdale de l’Hérault oil (27.51%), whereas the lowest
percentage was found in Olivière oil (3.6%). The
other varieties show percentages ranging between
5.22 and 21.72% (Table 3). Linolenic acid, which
presents the highest level of unsaturation of olive oil,
was found to exceed the limit of 1% established for
the extra virgin olive oil for Cayon, Sigoise,
Grossane, Picholine, Lechín de Sevilla and Verdale
de l’Hérault varieties. According to the literature, the
International Olive Council norm (IOOC, 2008) for
the total linolenic acid is not specific for many olive
varieties. Thus, levels of C18:3 in excess of 1% have
also been reported by El Antari et al. (2003) in
Moroccan oils with up to 1.43% in fruit flesh. Ravetti
(1999) reported levels of up to 1.42% C18:3 in
Argentinean oils. Similar results were shown in New
Zealand (Meehan, 2001) with up to 1.5% and in
Lecce (Italy), C18:3 levels in a series of olive
samples ranged from 1.1% to 1.4% (Dettori and
Russo, 1993). Paz Romero et al., 2003 attributed
variation to seasonal differences, particularly water
availability.
Fatty acid composition, and noticeably
C18:1/C18:2 ratio, affects the taste of virgin olive
oil, a condiment which is largely responsible for the
taste and healthy effects of the Mediterranean diet
(Bouskou, 1996). Moreover, it has been proven that
the ratio between unsaturated fatty acids can
contribute to cultivar characterization since it is
known that the acidic profile of virgin olive oils is
mainly affected by the fruit variety (Stefanoudaki et
al., 1999; Zarrouk et al., 2008). The UFAs
percentage is variable according to the cultivar; it
oscillates between 77.72 (Grossane) and 86.01%
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(Sigoise). The Olivière variety is distinguishable
from the others due to its considerably higher
C18:1/C18:2 and MUFAs/PUFAs ratios (21.53 and
17.52, respectively).
The cluster analysis is conducted on the
Euclidean distance matrix based on the virgin olive
oil data using the Ward method. The resulting
dendrogram (Figure 2) revealed three major
groups. The first group includes nine varieties:
Changlot Real, Olivière, Koroneiki, Verdial de
Vélez-Málaga, Cayon, Coratina, Lechín de
Granada, Cornezuelo and Leccino showing high
ratios of C18:1/C18:2 (6.29-21.53) and
MUFAs/PUFAs (5.89-17.52). In addition, this group
showed two subgroups, one of them is composed
of Cayon and Olivière varieties which have medium
oil content while the remainder of the varieties
belonging to subgroup 1 have olives with high oil
content. The second and the third groups consisted
of four (Agouromanakolia, Sigoise, Picholine and
Lechín de Sevilla) and five (Madural, Lucques,
Grossane, Arbequina, and Verdale de l’Hérault)
varieties, respectively. In contrast to the first group,
cultivars in groups 2 and 3 have oils with low oleic
(47.23-70.89%) and high linoleic (12.70-27.51%)
acid percentages and low ratios of C18:1/C18:2
(1.72-5.51) and MUFAs/PUFAs (1.73-5.11). The
cultivars in group 3, to which the Chemlali cultivar
belongs, have oils richer in palmitic (16.32-19.24 %
against 11.22-14.14 %) and palmitoleic acids (2.07-
2.89% against 1.00-1.32%) and poorer in UFAs
(77.72-80.20 against 82.54-86.01%) when
compared to cultivars from group 2.
As previously reported, C18:1, C18:2 and their
corresponding ratio in addition to the MUFAs/PUFAs
ratio, are relevant in describing the olive oil samples.
Similar results have been reported for the evaluation
of fatty acid compositions of the olive oils from
cultivar collections. Tous et al. (2005) and Uceda et
al. (2005) identified different groups from the
evaluations of 28 and 78 mono-varietal olive oils,
respectively, by their fatty acid composition. In both
cases, the main criteria for classification into groups
was similar to the one described here. However, this
preliminary evaluation can surely be improved by
considering other minor chemical components of
virgin olive oil such as individual phenolic
compounds (Gómez-Alonso et al., 2002), volatiles
(Mahjoub Haddada et al., 2007) and sterols and
alcohols (Rivera de Álamo et al., 2003) which, as
families of substances, have proven to be very
important in the chemical classification of virgin olive
oil varieties.
As similar methods were used by the scientific
community for the analysis of olive oil fatty acid
compositions determined by gas chromatography,
and with regard to the not significant differences
observed in the maturity index between the studied
olive varieties reported in the literature (ranging
between 3 and 4.5) and that of varieties under this
study, we considered it useful to compare between
our data and the data reported in the bibliography.
Then, in order to investigate the effect of the
environmental conditions on olive oil fatty acid
composition, we compared the rates of palmitic,
oleic and linoleic acids of nine olive varieties from
the area of Boughrara to those of their original sites
according to the literature (Table. 4). According to
these results, the olive varieties such as Sigoise,
Picholine, Arbequina and Coratina cultivated in their
traditional growing areas showed a high oleic and
low linoleic and palmitic acid contents; cultivated in
Sfax, one records a relatively lower rate of oleic
acid and higher rates of palmitic and linoleic acids.
The impact of the environmental conditions was
greater on such varieties which showed clear
differences between the geographical area of
production for oils from their original sites and
Tunisia. The levels of the main fatty acids of
Leccino oil from Sfax also show the same variations
by comparison to the stable composition of this
variety registered in Italy. Therefore, this Italian
variety cannot preserve its specific fatty acid
composition when it was cultivated under the
environmental conditions of Boughrara. However,
under the pedoclimatic conditions from Andalucia
(Spain), Paz Aguilara et al. (2005) reported in their
research that Leccino could maintain its
characteristic fatty acid composition.
For the Madural variety, the same changes were
observed in the palmitic and oleic acid levels while a
slight decrease in the linoleic acid percentage was
registered. However, a better fatty acid composition
was observed in Cornezuelo oil in comparison to its
traditional composition described in Spain with
respect to the levels of oleic and linoleic acids.
Concerning Koroneiki and Olivière oils, no
significant differences were observed in their fatty
acid composition by comparison to those found in
their original site. Thus, such varieties showed good
pedoclimatic adaptability for preserving their
potential and their characteristic chemical oil
compositions apart from their original site.
4. CONCLUSIONS
This study allowed us to depict seven olive
varieties (Cornezuelo, Verdial de Vélez-Málaga,
Leccino, Coratina, Koroneiki, Lechín de Granada
and Changlot Real) that showed higher oil yield and
better fatty acid composition when compared to
‘Chemlali’; the most abundant olive cultivar in
Tunisia. In a future work, these varieties will be
further explored for oil stability against oxidation,
and related anti-oxidant levels, sterolic composition,
triterpenic alcohols, etc. before recommendation for
a large-scale cultivation.
5. ACKNOWLEDGMENTS
This work has been done as a part of a National
Research Project. We thank the Ministry of Higher
Education, Scientific Research and Technology for
financially supporting this program.
GRASAS Y ACEITES, 60 (5), OCTUBRE-DICIEMBRE, 498-506, 2009, ISSN: 0017-3495, DOI: 10.3989/gya.021109 503
OIL FATTY ACID COMPOSITION OF EIGHTEEN MEDITERRANEAN OLIVE VARIETIES…
504 GRASAS Y ACEITES, 60 (5), OCTUBRE-DICIEMBRE, 498-506, 2009, ISSN: 0017-3495, DOI: 10.3989/gya.021109
WISSEM ZARROUK, BECHIR BACCOURI, WAEL TAAMALLI, AHMED TRIGUI, DOUJA DAOUD AND MOKHTAR ZARROUK
Figure 2
Dendrogram of the normalized data of virgin olive oil samples using Euclidean distances and the Ward algorithm.
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OIL FATTY ACID COMPOSITION OF EIGHTEEN MEDITERRANEAN OLIVE VARIETIES…
Tabla 4
Change in the main fatty acids of olive oil (as percentage of total fatty
acids) of nine olive varieties according to the origin of plantation.
Olive varieties Main fatty acids Boughrara (Sfax) Original site* 
Sigoise C16:0 11.2 6.0
C18:1 70.9 82.0
C18:2 12.9 7.4
Picholine C16:0 14.1 11.0
C18:1 63.0 73.7
C18:2 17.1 10.2
Koroneiki C16:0 13.0 10.4
C18:1 74.4 76.2
C18:2 7.1 8.3
Arbequina C16:0 17.4 14.9
C18:1 60.1 70.6
C18:2 16.2 9.1
Olivière C16:0 13.3 12.6
C18:1 77.5 78.8
C18:2 3.6 3.9
Cornezuelo C16:0 14.0 13.3
C18:1 73.1 67.8
C18:2 5.2 12.9
Madural C16:0 17.9 10.3
C18:1 63.1 72.6
C18:2 10.8 11.4
Leccino C16:0 15.4 14.6
C18:1 67.9 76.1
C18:2 10.8 5.9
Coratina C16:0 13.47 11.5
C18:1 70.88 78.1
C18:2 9.76 6.3
*Sánchez Casas et al., 2003 ; Koutsaftakis et al., 2000 ; Matos Luís et al., 2007 ; Ollivier et al.,
2000 ; Pardo et al., 2007 ; Poiana and Mincione, 2004 ; Servili et al., 2007 ; Talantikite and Ait
Amar, 1988).
gras et en triglycérides d’huiles d’olive vierges
françaises. Le Nouvel olivier 13, 13-18.
Pardo JE, Cuesta MA, Alvarruiz A. 2007. Evaluation of
potential and real quality of virgin olive oil from the
designation of origin ‘‘Aceite Campo de Montiel’’
(Ciudad Real, Spain). Food Chem. 100, 977-984.
Paz Aguilera M, Beltrán G, Ortega D, Fernández A,
Jiménez A, Uceda M. 2005. Characterisation of virgin
olive oil of Italian olive cultivars: ‘Frantoio’ and
‘Leccino’ grown in Andalusia. Food Chem. 89, 387-
391.
Poiana M, Mincione A. 2004. Fatty acids evolution and
composition of olive oils extracted from different olive
cultivars grown in Calabrian area. Grasas Aceites 55,
282-290.
Ranalli G, De Mattia G, Ferrante ML, Giansante L. 1997.
Incidence of Olive Cultivation Area on the Analytical
Characteristics of the Oil. Riv. Ital. Sostanze Grasse
74, 501-508.
Ravetti L. 1999. Caracterización preliminar de varieda-
des y aceites de oliva vírgenes de la provincia de
Catamarca. Aceites y Grasas 36, 361-369.
Rivera del Álamo RM, Fregapane G, Aranda F, Gómez-
Alonso S, Salvador MD. 2004. Sterol and alcohol
composition of Cornicabra virgin olive oil: the
campesterol content exceeds the upper limit of 4%
established by EU regulations. Food Chem. 84, 533-
537.
Romero MP, Tovar MJ, Ramo T, Moltiva MJ. 2003. Effect
of crop season on the composition of virgin olive oil
with protected designation of origin “Les Garrigues”.
J. Am. Oil Chem. Soc. 80, 423-430.
Ryan D, Robards K, Lavee S. 1998. Evolution de la
qualité de l’huile d’olive. Olivae 72, 23-41.
Salvador MD, Aranda F, Gómez-Alonso S, Fregapane G.
2001. Cornicabra virgin olive oil: a study of five crop
seasons. Composition, quality and oxidative stability.
Food chem. 74, 267-274.
Sànchez Casas JJ, De Miguel Gordillo C, Marín Expósito
J. 1999. La qualité de l’huile d’olive provenant de
variétés cultivées en Estrémadure en fonction de la
composition et de la maturation de l’olive. Olivae 75,
31-36.
Sánchez Casas JJ, Osorio Bueno E, Montaño García
AM, Martínez Cano M. 2003. Estudio del contenido en
ácidos grasos de aceites monovarietales elabora-
dos a partir de aceitunas producidas en la región
extremeña. Grasas Aceites 54, 371-377.
Servili M, Esposto S, Lodolini E, Selvaggini R, Taticchi A,
Urbani S, Montedoro G, Serrvalle M, Gucci R. 2007.
Irrigation effects on quality, phenolic composition, and
selected volatiles of virgin olive oils Cv. Leccino. J.
Agric. Food Chem. 55 (16) 6609-6618.
Servili M, Selvaggini R, Esposto S, Taticchi A, Montedoro
GF, Morozzi G. 2004. Health and sensory properties
of virgin olive oil hydrophilic phenols: agronomic and
technological aspects of production that affect their
occurence in the oil. J. Chromatogr. A 1054, 113-127.
Stefanoudaki E, Kotsifaki F, Koutsaftakis A. 1999.
Classification of virgin olive oils of the two major
Cretan cultivars based on their fatty acid composition.
J. Am. Oil Chem. Soc. 76 (5) 623–626.
Synouri S, Staphylakis C, Kontou S, Tzamtzis V. 1995.
Study on the characteristics of Greek virgin olive oil.
Olivae 57, 27-33.
Tous J, Romero A. 1993. Variedades del olivo. Editorial
Aedos SA, Barcelona, Spain.
Tous J, Romero A, Diaz I. 2005. Composición del aceite
(Banco de Germoplasma de Cataluña), in Rallo L,
Barranco D, Caballero J, Martín A, Del Río C, Tous J,
Trujillo I. (Eds) Las Variedades de Olivo Cultivadas en
España, Libro II. Variabilidad y Selección. Junta de
Andalucía, MAPA and Ediciones Mundi-Prensa,
Madrid, Spain, 357-364.
Talantikite M, Ait-Amar H. 1988. Composition acidique
des huiles d’olives des trois cultivars d’Algérie. Olivae
23, 29-31.
Tsimidou M, Karakostas KX. 1993. Geographical
Classification of Greek virgin olive oil by non-
parametric multivariate evaluation of fatty acid
composition. J. Sci. Food Agric. 62 (3) 253-257.
Uceda M, Beltrán G, Jiménez A. 2005. Composición del
aceite (Banco de Germoplasma de Córdoba), in Rallo
L, Barranco D, Caballero J, Martín A, Del Río C, Tous
J, Trujillo I. (Eds) Las Variedades de Olivo Cultivadas
en España, Libro II. Variabilidad y Selección. Junta de
Andalucía, MAPA and Ediciones Mundi-Prensa,
Madrid, Spain, 365-372.
Uceda M, Hermoso M. 1998. La calidad del aceite de
oliva, in Barranco D, Fernàndez-Escobar R, Rallo L.
(Eds.) El Cultivo del Olivo. Junta de Andalucía, MAPA
and Ediciones Mundi-Prensa, 547-572.
Zarrouk W, Mahjoub Haddada F, Baccouri B, Oueslati I,
Taamalli W, Fernandez X, Lizzani-Cuvelier L, Daoud
D, Zarrouk M. 2008. Characterization of virgin olive oil




506 GRASAS Y ACEITES, 60 (5), OCTUBRE-DICIEMBRE, 498-506, 2009, ISSN: 0017-3495, DOI: 10.3989/gya.021109
WISSEM ZARROUK, BECHIR BACCOURI, WAEL TAAMALLI, AHMED TRIGUI, DOUJA DAOUD AND MOKHTAR ZARROUK
